Abstract. The immune response in a patient with acute babesiosis was determined by measurements of lymphocyte subpopulations, serum levels of cytokines, and adhesion molecules. The ratio of CD4 ϩ :CD8 ϩ lymphocytes was reduced early in the infection, but returned to a normal value after treatment with azithromycin and quinine. Natural killer (NK) cells markedly increased in the acute phase but progressively decreased and to the normal range in the convalescent phase. Serum levels of tumor necrosis factor-␣, interferon-␥, interleukin-2 (IL-2), IL-6, E-selectin, vascular cell adhesion molecule-1, and intercellular adhesion molecule-1 were highly elevated in the acute phase while normal levels of these mediators were observed one month after treatment. These results suggest that CD8 ϩ T cells and NK cells may be involved in the host defense mechanisms against acute babesiosis.
Human babesiosis is an uncommon disease in Asia. The clinical spectrum of babesial infection in humans is broad and ranges from asymptomatic carrier states to fulminant disease that results in rapid death. Acute babesiosis is a malaria-like infection, characterized by fever, hemolytic anemia, and hemoglobinuria. 1 Although the immune response to babesial infections has been studied in animal models, little information is known about the immune responsiveness in human babesiosis. 2 During acute Babesia microti infection in humans, it was reported that T cells were depleted while a suppressor/cytotoxic subpopulation was increased. 3 Recently, Shaio and Yang reported an acute case of human babesiosis that was response to treatment with a combination of azithromycin and quinine. 4 Since cytokines mediate protective mechanisms and contribute to immunopathologic changes, we have examined the cytokine profiles in a case of human babesiosis throughout the clinical course.
CASE STUDY
A 34-year-old native Taiwanese man was hospitalized on October 24, 1994 because of generalized malaise and periodic fever of two weeks duration. He had body weight loss of 5 kg before a diagnosis of babesiosis was made. The identification of B. microti was based on 1) examining Giemsa-stained thin films prepared from peripheral blood of the patient; 2) amplifying the 16S ribosomal RNA gene of B. microti by a two-tube nested polymerase chain reaction (PCR); 5 and 3) amplifying the parasitemia by inoculation of a sample of patient blood into hamsters. The blood films showed ring form-like parasites in 0.1% of the erythrocytes with some characteristic tetrad (Maltese cross) forms. The PCR results were positive for blood samples taken on October 26, November 5, November 10, and November 16, 1994, but were negative for those obtained on November 20 and December 19, 1994 and January 18 and May 18, 1995. Hamsters were inoculated intraperitoneally with whole blood (1-ml inocula) obtained from the patient on two different days. The hamsters became parasitemic (positive Giemsastained thin blood smear) by two weeks after inoculation on October 26, 1994, but not on November 16, 1994. Blood and urine cultures for bacteria and fungi were sterile. Serologic tests for human immunodeficiency virus, hepatitis (A, B, and C), and Epstein-Barr virus showed no evidence of acute infections with these agents. This patient received quinine and clindamycin without success but responded to a combination of azithromycin and quinine. 4 Cell phenotyping of peripheral blood mononuclear leukocytes from whole blood collected in tubes containing EDTA was performed by flow cytometry (FACScan; Becton Dickinson, Mountain View, CA). After lysis of erythrocytes, peripheral blood mononuclear leukocytes were incubated with fluorescein isothiocyanate-conjugated (CD45, CD3, and an unrelated isotype-matched control IgG 1, Simultest; Becton Dickinson) or phycoerythrin-conjugated (CD14, CD4, CD8, CD19, and CD16/CD56 and an unrelated isotype-matched control IgG2a, Simultest; Becton Dickinson) monoclonal antibodies. After appropriate preparation of cells, lymphocytes were gated and analyzed separately by two-color immunofluorescence.
Serum levels of interleukin-2 (Il-2), IL-4, IL-6, IL-10, tumor necrosis factor-␣ (TNF-␣), interferon-␥ (IFN-␥), E-selectin, vascular cell adhesion molecule-1 (VCAM-1), and intercellular adhesion molecule-1 (ICAM-1) were determined using commercial ELISA kits according to the manufacturer's instructions. All tests except for IFN-␥ (Genzyme Corp., Boston, MA) were obtained from R & D Systems (Minneapolis, MN). Duplicate samples were assayed at the same time and mean values were obtained. The detection limits for the cytokine ELISA were as follows: TNF-␣, 15.6 pg/ml; IFN-␥, 100 pg/ml; IL-2, 31.2 pg/ml; IL-4, 31.2 pg/ml; IL-6, 3.1 pg/ml; IL-10, 7.8 pg/ml; E-selectin, 0.5 ng/ml; VCAM-1, 4.0 ng/ml; and ICAM-1, 2.0 ng/ml. Data were analyzed using the t test in Stat View II software (Abacus Concepts, Inc., Berkeley, CA). Table 1 shows that the absolute numbers of T cells (CD3 ϩ ) were consistently within normal ranges throughout this study. However, in the acute phase, CD4 ϩ T cells decreased by 30-50% (35 Ϯ 1% versus 24 Ϯ 4%, [mean Ϯ SD], n ϭ 3; P Ͻ 0.05), while CD8 ϩ T cells increased by 50-80% (33 Ϯ 4% versus 52 Ϯ 6%, n ϭ 3; P Ͻ 0.01) compared with those in the convalescent phase. The reversed CD4 ϩ :CD8 ϩ ratio persisted until one month after treatment. On the other hand, the absolute number of B cells (CD19 ϩ ) was only about 25-30% of the normal value. The population of natural killer (NK) cells (CD3 Ϫ CD16 ϩ CD56 ϩ ) increased by 100% at the beginning of the acute phase but progressively Not detectable * Age-and sex-matched healthy subjects were enrolled as normal controls throughout this study. † WBC ϭ white blood cells, PMN ϭ polymorphonuclear neutrophil leukocytes. Data in parentheses are the mean Ϯ SD values of six control subjects; the normal controls were sampled on the same dates as the infected patient.
RESULTS
‡ Quinine was administered in an oral regimen of 650 mg three times a day and clindamycin intravenously 1,200 mg two times a day for 10 days (from October 26 to November 4, 1994). § Both quinine and azithromycin were administered in an oral regimen of 650 mg, three times; and 500 mg, a day, respectively, for 10 days (from November 10 to November 19, 1994). TNF-␣ (pg/ml) IFN-␥ (pg/ml) IL-2 (pg/ml) IL-4 (pg/ml) IL-6 (pg/ml) IL-10 (pg/ml) Sensitivities of the various assays were as follows: TNF-␣, 15.6 pg/ml; IFN-␥, 100 pg/ml; IL-2, 31.2 pg/ml; IL-4, 31.2 pg/ml; IL-6, 3.1 pg/ml; IL-10, 7.8 pg/ml; E-selection, 0.5 ng/ml; VCAM-1, 4.0 ng/ml; and ICAM-1, 2.0 ng/ml. Serum levels of TNF-␣, IFN-␥, IL-2, IL-4, IL-6, and IL-10 were not detectable in normal subjects.
† Data in parentheses are the mean Ϯ SD values of six control subjects.
to the normal range in the the convalescent phase (20 Ϯ 4% versus 11 Ϯ 3%, n ϭ 3; P Ͻ 0.05).
Of the cytokines tested, levels of TNF-␣, IFN-␥, IL-2, and IL-6 were high in the acute phase and then became undetectable in the convalescent phase (Table 2) . Neither IL-4 nor IL-10 was detectable throughout the course of illness.
Concentrations of E-selectin, VCAM-1, and ICAM-1 were also markedly increased as much as six-fold prior to treatment, but decreased significantly (P Ͻ 0.05) during therapy and returned to baseline levels after treatment. Overall, the decrease in serum levels of inflammatory cytokines and adhesion molecules after antibabesial chemotherapy paralleled the decrease in CD8 ϩ T cell and NK cell counts, as indicated in Tables 1 and 2 .
DISCUSSION
This study has demonstrated systemic elevation of levels of TNF-␣, IFN-␥, and IL-2, but not of IL-4 or IL-10 in the acute phase of human babesiosis. In addition to the increase in NK cells, CD8 ϩ T cells were predominant over CD4 ϩ T cells during the acute phase of illness. Human babesiosis is not a common disease in Taiwan, where only two cases have been reported. The other case was a patient with ␤-thalassemia (Chung WC and others, 1994, Taipei Medical College, unpublished data). Although we are aware of the inherent limitations from studying one patient, to our knowledge, this is the first report of sequential measurements showing changes in cytokine and adhesion molecule profiles during the course of human babesiosis. Our results suggest that CD8 ϩ T cells and NK cells may be involved in resolving this infection.
The possibility of underlying mixed infections predisposing this patient to severe clinical disease was unlikely because no evidence of viral, bacterial, or other parasitic infections was found. In addition, the systemic inflammation in this patient was transient. Two years after treatment with quinine and azithromycin, this patient was well and had not relapsed.
Human erythrocytes do not express major histocompatibility complex antigens. However. CD8 cells may play a role in specific immunity to B. microti since they recognize exogenous peptides processed and presented by antigen-presenting cells. 6 The low number of CD4 cells in this patient may reflect an inability to resolve infection by CD4 cells. Alternatively, perhaps the CD4 cell levels were suppressed by the high levels of TNF-␣ and IFN-␥, both of which are anti-proliferative cytokines. 7, 8 These two cytokines have been also shown to up-regulate various sets of adhesion molecules on endothelial cells that have been implicated in the immunopathology of malaria by mediating sequestration of parasitized erythrocytes. 9 Although it is not clear whether Babesia parasites sequester similarly as those in malaria, our finding of a parallel relationship between serum levels of inflammatory cytokines and adhesion molecules suggests that the immune response to babesiosis is in some aspects similar to that to malaria.
The NK cells have been shown to be activated in murine babesiosis. Extreme NK cell activity occurred during peak parasitemia and the recovery phase of B. microti infection in mice. 2 The increase in the NK cell subpopulation accompanying the increase in IFN-␥ in the acute phase supports the possibility of cytokine-mediated NK cell cytotoxicity in the immunopathogenesis of human babesiosis.
The reversed ratio of CD4:CD8 cells observed in this patient suggests a predominant role of CD8 ϩ T cells in the acute stage of inflammation. It has been shown that both CD8 ϩ T cells and NK cells are of crucial importance in host immunity against microorganisms. 10, 11 Both CD8 ϩ T cells and NK cells are involved in cytokine production and/or cytotoxicity. 12, 13 Nevertheless, before additional human subjects are available for further investigation, experiments on B. microti-infected rodents are being carried out to elucidate the role of cytokine production in the immunopathogenesis of babesial infection.
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